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(54) ELECTRONIC DEVICE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide an electronic device where signal 
transmission through a bus wire system is quickened by specifying a circuit 
configuration cf-a driver circuit and a characteristic impedance of a 
transmission line. 

SOLUTION: The electronic device is configured by mounting an integrated 
circuit chip with a differential driver 3 on a printed circuit board having a 
transmission line 1 and a termination resistor 2, where its input and output 
circuit is configured by combining the differential driver 3 of a current 
switch type with a bus wire system consisting of the transmission line 1 
used to transmit differential complementary digital signals and the 
termination resistor 2 that is a termination circuit in matching with the line 
1 . The current switch type differential driver 3 is employed and the 
transmission line 1 consists of parallel wires with an equal length whose 
characteristic impedance is 25 ohms or below. Then attenuation of energy 
of the signals being transmitted is suppressed and electromagnetic 
interference among the transmission line wires 1 placed close to each other 
can be suppressed.- 
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(57) [£*)] 

«?tt-f > tr- y > x $ <t#5rr & c t \z ± o a- x iess^ © 
it* ft x<k r € -s sb * «#rr -5 = 

fSit. 1*25 QfitTOtttt'f > 

1 ffl©«aims^iwiw-r*c£*«T*4. 
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1 

agingst. WEeaiB&43«fctfWE&$ia&a>sfc*A 

XB*JRK«tt«*f H5-f A*|§]&£ftWU 

WE£j£i&&&<fctfWE^@i&ft*TSEi®a«lC, 

stiTfc-sm^&BT&oT, itreesiMifttt. 

7«SK«jgT2 5 Q&TOW >tf-y>XftWT-5 
BB^M^gEBStl. 2 5Q«TOttl^tT»«ia 

[«#*3] »*JB2fB*©«^S«T*-r.T. WE 

©BBBB^y^BBSnsB&fc^T. :oi/y 20 
-A*Btttt. tmSlifll KQKJtOA^'f >tf-y>X 

[f»*3S5] BjfcSUEBOB^BfiTfcoT. WE 
1/ ABB ft 4 mm»T0D£&B&ft£® ftf&EBS 
#t>T»«rrSt*tt. ^O»SE«©»R»K0. 4K 

[«#JE6] WWSBtOtTMTfcoT. WE 

eig^fectycWE^teEi^co^fpj^T^WW^B 30 
©»*o«c«if c t ft WtiTaM^K*. 
[«*JS7] B^iffitoSfStTioT, WE 
K7-f/WJtnil ©;m8([5]g&5P y :/ «t 0 7 r > 

[«*^8] »*JS7E*©«^S«TfeoT. WE 

ftiftBt-rsB^EB. 

[«#B91 H*^lE«CD«T^BTfeoT. WE 40 

EH§ 1 ©BBliB?- v WW-f>U-^>70U->- 
/X@»*^r-r*«l«fc*V»T, WE^2©*»(i]gS^-y 

7© F7>r'tBK*&&9fcttffiflreettflEfl! l ©*» 
HB^ <y y<D U-->- AHBTgttJRS £ £ ft#gi it * 
ft^HB. 

E K 5-f ABBM> 6WEeSU!l»fc«En>t«^ttWE U 
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©»«t?«*u WEu->-/\*@KT?tt«#x^;i.^3a^ 
Bsnratesnscitstfat-rsB^BB. 

[B*« 1 1 ] 1 0 EtCtfglT^oT. 

-KDfyT'iWfASn. H ©#i&EBttWE£>£BB 
iOtet^tfr-f >fcf-y>X. $?£L<tel/2©4#& 

-f > \£-y >x ft^r-rs n <t *#att5t?fif. 

2] llEtoS^BTi^T, 

©BB©A*xft-?-n^n©y- h^&<i^77"i 
E?>j$na c t^^it^tfsi. 

[if #JS 1 3 ] 1 EB©«^£iBT * -a T . W 

E£i££ii&© Ax ±C#IK LT V is- AUK i * V > V 
X-f -y ^M<D h* A*BB £ ft tff-SB 2 <73*Wli]^ 
•y 71fiWm.-£ ft, iEI 1 CD^BHK^ <y ^WE K 5 
•f AIDgg fc/ W -f > fcf- ? >X© y-AiB £ ft 

a«j«fc:*v»T, WEBia)JllltBtt^y7 r ©K5'f a* 
HS&*5«fctfl^>-A|5]g&£» Mm%i2<DMM®m^y7 
co V ->— ABB* J; & h* A@B £ © WT)R7jft (eft 

[B#B1 4] B#«l SEfWtfglTifeoT. 

weis i commm^-yyco rwKk*zav a s- 

icoft V»«fEB**WEesmiBO Affi *»MCJf A S tl 

WE^ 2 ©mSjlllB^ >y ^©U->-AiaK*3J;y: K 9-f 
A*I3BseaUW»«B©»«EB*fl £ o Tttttf * t £ 
tt. d©^teESS©^lKSI5lCA*X h 7 >->-A*y- h t 
H5 ffift £ *«Bai {C ^ nfc ^ y ^ *«Jf A 3 tl, ifES 

- h7j«H#. A^jBSttWE/XX h 7>->-A'y- h*iffl 
EeSU(lB©/XX±fc«-lft UTB 2 n ©«^c©»« 

2~BnO#B«BB^yyox3-Wf|W*W3eb. A 

fcftsiiKf 7 y^aK^ □ tin t. ^nft 
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utriasss i ©jwwatt^y ^tfgw-ijtsx-:?©*^ s > 

HW»6?M«WR0. ^tifciliix-^X hD-^ 10 
£ bTJff B fibRflTT* £ £: SWUttSWSi. 
[fll&S 1 8 ] ftJfcJS 1 . 2. 3. 4. 5 . 6, 7. 
8, 9, 10. 11. 12. 13. 14. 15. 16$ 

[fll&S 1 9 ] f»3fcJS 1. 2. 3. 4. 5. 6. 7. 
8. 9. 10. 11, 12. 13. 14. 15. 16, 

1 7£fctti 8is*o« : fgsTa&-pT. mmmiom 20 

[0 0 0 1] 
[0 0 0 2] 

HlMMEfc£a*#*.S*lS. CCDAffi^B&tt. A?j£ 

-fA'i 0 it. ffiMm^ftsnfcxw s>*;MB#*g« 

ffiW5Mftl/y-A'10 2i: > C©3H& K^-f A* 1 0 

1 tUftl/y-A* 1 0 2 tSSEtt-T*— *t©^7<f^8E 40 

Hi o 3fc£a>sfc0. i»H7-f;n o 1 a* eta as 

[0 0 0 3] C©*^««©Affi*lI»tC*^T. ^ft 

K^-r ai o i*5cty:iiff)i^->— ai o 2«, ■f-ti-en 

pMOS h7>^X^fcJ;y:nMOS h7»7^^ 
&£CMOS[5|g&1«J&©F7<Al 0 4, 1 0 6,t'f> 
A—? 10 5, l 0 7 £)&>e>#lfi)c$n. XfKDTsf'Si? 
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H^-f/N'i o l^sffiffim^x^jM^^Tm^BEifiu 

0 3(C«i^-rs^£fCj;D, fflWx-T VfJVm^^T 
mn&Ml 0 3^bTllL">-A-l 0 2ICfejH1--5 

[0 0 0 4] 

EJLT<D£5teZ.iiWm*>&iitl-3lt. fc£;U4", BfTfE© 

«»**ifcie^¥ff*«iE«i:-r**6Ktt. 

v^Ufif-^-SrTEM (Transversed Electromagnetic Mo 
de) eSltCifiV^- H (?TEM) Te&b. M*t©iS 

[0005] tztput, n^mm<Dm^^*)mK)r^' 

Axfcisi^T. d©Axtt£i2ligU&T£&£-r ; 5<»:. {I 

*/\*7.ICSft-rt^«. ^'^KU-^UI'Kifc&A* 

& t tr , h* 7 -r / Wflw £ i' a* cgA sua »r b & 

[0 0 0 6] <fcoT, «#O3i-S±**0«HHl3&»A*^|H« 
^flclcx^;i/^*«*&-r*«fBI (AxBE^©£S2ljiMl$ 
IW) «fcDiBH»^tt. K5>f/tCX*M|t»#. AX 
t u->— /watSMfT icfr^ti, i^->-a»cax©#£ 

u 7^7— A-xsH«i©ii®^ra«k o , m-sti*^ 

a* o unmans ^ £ * l & Jtn«)& ^ 

«... .E»oP7^^;p»ca»-r*£*t>ia]«Tf. 

[0 0 0 7] CCt^ftH^ A*©KW"tt. ffl#iL^± 
ft-yt4i^WJ&n«ii)^fc. b^U. AX 

[0 0 0 8] fc£>t«. 6^U->-A*£l4»P^:^x 

-gxh-r-So cinic*fbT. A-^e^Ko^is-f >tr- 

^>Xt4 2 5~2 0 0 QT$>0. AX© l/->-/\*«t D 1 
2tiffe©X^;^Sr^»-r« ! b© 1 i:^-5. 
[0 0 0 9] -feft^C. /WE»OS2€3 0cm. « 
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tel. 5ns tUZ>. V ; Z/-n<Dfti&.tfii<D&.W\Z&?>o 
n s©MteA*XtCX*Jl'*£#y&T£P$ffl£teD, K5 

t ate ufcteatffc w-n tf fc s te 

[0 0 10] fcixH SA'XteSg's 
©£i£^TT£itliiJ$T©^{ffi!a8&*^-r0 1 8 td*3 
V>T, £i£*ilB&l 1 10»«ICi»H7-f/U 1 2ifim 10 
^$nT«^$tl-5«^(C, 1.5ns©^ eiHi^Kl 
1 Il;<t5/U«01 8©=k5te^tfllS&TttaiE£ditL 

KtttettntfteStet*. -fefc*^ niH^-f/n 12 

(Drta5fi&i*5 OQ. A#JStn£5 OQ. VddtE?: 
0. 5Vtt5t, 5mA©<h^£ 5 0 QTtetenteteS. 

-TA1 1 2T**i^,te-rJld:*»T**. £©«S«iaifr 

*J4»«fittSB«Utec:tK:teO. jJofiMBi 1 
■1 ^OI*Mf + -5?tt»7t4fc6. -tweauftift 20 
1 1 l©#tt<>K-^>*£*fl5©<MMS8il 1 3te 
tBx.. «MB0I&tel8l 9©J;3K:fc*. 

[0011] 019 lC*iHT\ <^£, ^jffiSta 114* 
Gxkmmi 1 1 icJ;^/N*x<D#'t4-r>e-y>xtfi^ 
Ufc50Qtnt. £T©X^JU*te£T;i©ii$3SJ& 
mi 1 4TWKSn. ii&oTffflSn^^ 

te v>. #i&te £ ®/Jn s te^fcfit^ ic =t * 
&igx*jM : (c«fc£ftna*fc-pTt>, c©©iKtc«to 

T, £«Kt*ST*::i**ten. L**U Sagittal 1 
K7<A*1 1 2 teA< ^CteoTli-SfBO, 5mA© 

«»*»bi*wtewntf tested, ffi^t- eitJSlssi 

1 1 *Iit5«lH7'fAl 1 2iJAl'>hX<7f 
[0 0 12] ^Sgffifcil 1 4T©X*JP=£«iKte 

/h£< UtetenteteStet^. Ttefc*.. aMftF^-rm 
1 2©F7<A*k*U7^£/h£<-f-5fe£>tCte. ESSES 
tr[£j?AU «BE*TtfSL^te^. fctAH 

A*©«fflS5££_htfftte5 0mV<*<=.t^£TtenJig 40 
•C**. €«EHK^«lE18&tef^jS«tell» h*7<A* 

•5. ^©J;'5teA*7.«iS^iSiSe^K©Sffl^tte- 

So 

[0013] *«w©BWtt. eeitt»tT* 
A*x«ittc»@b. c©eaa»»t, cnics-&L/i^ 

1 1 i^T/t^Ettscm^eaiftftaYfr* ct*«t so 



#l«2 000-174505 
6 

[0014] *%^©fl(rEtee>^ic^-©te©ewtSfa 
te^T$.^5 0 

[0 0 15] 

fggi©-?-^ R*Mtefc©©ias*fiS#icitt^-rntf. 

&©<h:fc9T&-5. 
[0 0 16] Ttefc>*i. *5£K©«^««, 

■sAxflKftt-r* enters, eiH^K43 

[0 0 17] ^©IffiKtCl^T, F^-TA'te, ft]s>Y 

L < te 3 fmJLk© * > JStix t te & J: o \Z V fz t> ©T* 
[0 0 18] *te. JBlO««a»fy^5«2©* 
0J3©«^g«te. eiHi6l^©A*X±t3^tebT^->-A* 

**rr*iB2o*i»iiK5 i yy*«Sfi(i!an*«dct*v» 

T, £©U-->-A*te. fcM&irtaU KOfiUiWA'T-f >tf 
-^>XT*0, $etCC©U->— /\^4mmRTrog 
2li»tt#lift©»IRIB«*fl i -aT«lEat-r*i*tt. -©# 
RE«©#«»HC0. 4K~ 1 KQOttJSStaTOfcl^T* 

^o)n^5\zm.^mm.^n, ztztemm&tftmmmte) 

W©«6iHHS©J¥#-te. e^K;fe.J:tf««E«©*fr|6j'< 

7 m&m<Dtmm ©«*©&m t te * «t 5 k l*: t> ©t 
^ntccto. mi(nMm\B\&T-y7frt>wi2<DM 
vmwf-v 7^v>-i5fae>mm&m.$:-&m\zft s z. t*t 

[0019] H5-f^*wr*JBi©jii«ia» 

fyyi0 77>7 l 5^tl5tl- ^7^>h*E«g* 

aai»tt«jeitu. ss»cc:o««- ^7->>ke^© 

n £ 0 *> {S < te & <fc -5 i Z V fz h © T * -s . 
[0 0 2 0] ite, mrlEiteM^lc. ^2©»«iiii^^ 

•7 y*» e« i ©a*eiss^ -y ^©-*iR)©m#eji« 
figtcp-rs, *%^©«^s«te. fcmMm<Dnx±.\z 

mWEgSf 1 ^ 7"#»«Sft. SB 1 ©^WlHlSS^ >y ^t5Vn 
-f-f >tf-y>X©l^->-A***-r?.«fi£tC*5V^T> ^ 
2 © -7 y© H A'^ 6 aio 
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f- y Zf^<D-l5\ftO>mS$&$k*1gim.\Zft O Z. £ **T# 
•5. 

[0 0 2 1] d©«^t'*5^T, H5-f /w&eauM* 

ni/2 ©sHTtftn. i^v—A-mm^x*^**^ 

«E*ia»^«Etlfcfll#X*;i/*tt!8iRSftT«5fe 
[0 0 2 2] £«E>tC. h*5<A*££&*g!i&#Jit©#®IE 

Ay- h<v^v eaa»tt©tt»<o/t7. 

fcfc©T£>-5. 20 
[0 0 2 3] SMB«)JBlO*«EI»5 l y^6JB . 

y K 7 -f A* t / W -f > tf — ? >X © A 
•f AfcJctfU ->- A <h . ft 2 ©*«[§IS&fF- >> 7© U ->- 

[0 0 2 4] C05«fi£tC*3^T. WH<DMm®&^v7 

[0 0 2 5] £<=>iC» SB2©*»lsIIS5 t y7 r ©U>'-n 

tX> ftlW^ISK^y^Ctti^teAT. h7>y-A 
h#H*, A^fifli/U h5>->-A'y- h^BfC 
T»«stK:x*;^3&«#«&*n*i 5 \z Lfct>©T» 

[0026] ^fc, fcvtm&totrny??^ s.>t?m 
ti. ft 1 o^BiiaByy 7«5 1« 7-r ;xa«3 > h a-;i-i 50 
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m&^Tzm&uz&^T. fc&m&i*uzfk/vi<7>v>m^ 

V&J- y ftm 2~In O^-mWlelK^ y y©xn-Pf ffl 

tuu ^n^fctic^iw^iEiB&^-yy^ttg&^p 

nferotifes. ^tiircko. mi<DM»m^y^t 
m2~~&ne>m&.<Dmm®&i L v7k<Dm\z&^T, e 
a&iRK t ? □ y * t © * -f 5 > y &£r * IS 3 C £ 

[0027] coammz^x, mommmtoT-y? 

tt, &&9uyt7i§n&5t4i-rz>mm®16 ; ?y-?&7 : - 

[0028] ^ric, ttrfH*^se(c*viT> temm& 
jis©gjti6eK('g#^^Tfc*%^sjiffl-r^- 

^E'J • XttilJ-f >? — 7 3L—7,3 L y7fc}it-?Z> : b<D-? 
[0 0 2 9] ±oT, «ffE«^B(C«tnK. ej*^g& 

?>'jfi^t--5)eigi^^©*^ z F^^ffli*Jb. /N'XSHiS 

^©ffi^eiH^Sijift-r-s c t ««Tf #*. 

[0 0 3 0] 49 Htb£iHi£8&©#iaaiC&j&£ , 

j-yzrt. z\(D&mfcmm\zft&\^T&mt£tiz>. m 

yJ-yJ^V)— *5«i:D:-f-©SVi©^77lR]tci3^-5 

«*eai©wjS{tsHo. /N*xsEiB^©iSjiejiii^K^ 

[0 0 3 1] 
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— ©#^£ttU *-©$*DigL©iftl§Hte«l5&t- 3. 
[0 0 3 2] *?\ BllCtO, #fESii©— fU66©J£Si 

Wtt^g«lC*5^T. Ati3*>II]&©gg]ST<&-S, feill^ 
Lfc# U > b yW y ^S© H 5-f AUK© 
— #|£7jVf8l8&lH]8&llT&9. (a) «CMOS@8STf^ 
ofc*§^ (b) tt/W #-5(HlK-e^oit«-&S-?-n^ : 

n^To 10 

[0 0 3 3] 01©«t'5(C, *HJgCO^lC*5liT«. 

«iMs«7V t. 

j^tc. #l^>hyW ■^^©lltbK^'f A*3 

g#&*.fcfc©T&5. 

[0 0 3 4] CMOS@KfliJ«t'J;SMfth*7<A3 a 
tt. 11(a) ©«fc5iC. pMOSh7>^X^Qlin 
MOS h7>-^X^Q2, nMOS h7>y*X?Q3 £ 
pMOSh5>yX^Q4, *««JEEV d d t©M©» 
JrERl, if?V>} t n&t<Dffl<Di8&iR2fr$-f3iK). A 
?j©5^ y5'JH§/i^F7>yXi'Q l~Q4 0y- 
hiZAfilsn. pMOSh7>yX^QltnMOSh 
7>y*X^Q2 tCDf&WtS— h\ nMOSh7>yX^ 30 
Q3ipMOS h^>^X^Q 4 tCO&fiiS— KJ&»S-t 

[0 0 3 5] A-f Jl?-5EI»««tJ:*iS»H7-f/t3 
b«. 01(b) ©<±:-5(C. npnh7>yX?Q5tp 
nph7>yX^Q6, pnph7>yX?Q7tnp 
nh7>yX^Q8, WiESEEV d d t©M©g^[R 
3, y7 I >>Ktiffit©W©StrER 44*&&9. A77© 
5V y^J^^h^yy^^QS-QSC^-Xi: 
A2)£n. npnh7>yX^Q5ipnph7>yX 40 
^Q6t0it/-H. pnph7>y'X?Q7inp 
n h5>S?X*Q 8 F^S-ttl-en. ffiffl 

© 1 csisna. 

[0 0 3 6] 01(a) OCMOSiK, 01(b) ©A'-f 
*-7iKTt>rai;T*5AS, d^T-«±tCCMOSIH 

fiiVWi^D^^T^t. nMOSh7>yX^ 

Q2tnMOSh7>yX^Q3A^>i&5. 

T, e&lftR 1 ©-*©±«flWE«K:«B«EEV d d 50 
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>xsfctt^s®}stn:2^^LT, d©wtcesft^«Enx 

[0 0 3 7] f^T, ECL (Emitter Coupled Logic 

ffi*.z>&o\z-rz>. cMosiiKt/^^-^iiig&i© 
^-&e«<4npu^tt. •r/wx©«iifiK«t**«, cmos 

UBS© L # l^fc®EE©fcf <=> O # £/h $ < f -5 d t ttH L 

<. y-h©*«tjg^Kftfli©»«^©iiga 

rt<D 2 FtNtfeU *-©£2.g&«£# 

u§rr*fc», »«*«iba<&*iHiB*3*<-r*fc*fc 

rtWBttJaJtt»*K:*iWa: CMO S [Blttft £©BlfrT* 

[0 0 3 8] kLh©<fc5K, 2(£^S6©^JgtC*3ViTtt, 

gtit 2 irt^fc-SA'XEiBi*!::* lx> hx-T y^M©H 
ft H 7-f A 3 Sffi^fc-arfc^y 7"At±i^l3K*#®<t 
t5fe©TSIi ( C©^»r I 7'fA3*«;*7l-'>h;W 
^Htt-CfcSfc©, «S • ^7^> K^te#tC-5£©« 

*Jja*»**. L*»U ££lftB 1 ±0IIT. SStt<i. 
©«h#ic* I/> hX-f y^TS 9, $5>tc, U 

->-/'?©B»K:i»ixTJt«8fEttt6«c^»igtt*(e'5c:i 

fcfcO, AtH7 t 3lH^{CA'fAXn>5'>^<£:}f At5 
itttjigj &*>©£& -5,, 

[0 0 3 9] 0 2 {C«fcO. {gi£S§iS& 1 tCcfc-SAX 

0 2«, eaii8gB©^TiKKpg©*6i^B©ff*t® 

k> ©— «*ttm-r*fc©©*iftWf®HT* 
(a) tt'STttfcniiareftT^s*^. (w 

[0 0 4 0] fctxtl 7*nt7-ttf77"^/ : EU - A 

^7«»©»isi-r*±TiBHi. -r^c^^. c©m©«6i» 
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[0 0 4 1] T&fc)^. 0 2(a) ©£5tC'<7iglE&4© 

moamm s com^m^m^iz\t. y u >5?3»**** 

# ^©TmffiS^©^ D 6 < fc o . «K4f OTO 
ASffi^T** 1 . 0 2(b) ©±51;:, ^7i&&4©ii£i|>I£ 
^©S^lCbT. ^7*&i& 4 (Dm<D&mm 5 ©Hffl&igt 

^7«si& 4 mfcmm^*^^ btmrn 

[0 0 4 2] b*>U /hS<fc-3fc«rtt-f >e-^>7. 

5mA (0. 5VJBB) (C-f SlCteHK) F?-f 
A3©««EA*X*©£^£8 5Q£t^nfcf«fct^. i£ 

i&EbfcHl 9 SS£3tr&»*ntf& 20 

[0 0 4 3] eg|^g&l«5 OQ-^7 5Q©tft 

-5. ^n^tntf. 2 5 Q^TKifttt-f >tf-y>XSr 
t)£lTfe»'^i\ iol, {glutei' >fc!-^> 

5 T"*f ISJ-T* 0 2 (b) Oi 5 ftlTlftlft 4 SfltoETSifc 

[0 0 4 4] tctx.lt. 7, Z, ©jfiflU 

[0 0 4 5] 

[» 1 ] 

Zo=(h/w)X J (lo • fir/ S o ' £ t 

= 377 X(h/w)/ v r T7 
[0 0 4 6] ©.fc-dCte*. fci£U w=*§HB, h=*6 

ftjpjp. Mo =x^«foa«*, y r =itmmm. e. 40 

[0 0 4 7] 31C9J;-5(C. *HJ6©0li»Ci3HTtt. ^ 

nK«%6n, i»?B7h-?iw»A6n. ^7^ 

4«*TEMCDeai«Kl tUTfiWSn. «5fcX*.fc 
[0 0 4 8] ifctc, 13l;ii), fiaUMSi©/t*±T 

•2> 0 H3lt 1 0©l*ffi©/t;**ift©-«S5R-r*«MIE 50 
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tBT*0. (a) teS#AX«j£, (b) tt^«0Efll«<« 

*>K*HSrtB©E£lT&0. 1 #©^7i8g&&4©,£.£ 

[0 0 4 9] 0 3(a) ©J^K, £it$ig& 1 tC&^T 
tt. £i£i&E& 1 © /UJbT*»Otl l" A* 7 ©#l& 

*«pTEM©ei£*Bl£ffJ$T*fc#£LT. HftU- 
£6 fc 0 . Hi!) U ->- A* 7 tt C M O S f- h T* <b «fc V» 

a*y— h^aw. o 5 p F&TfcbfcW-ftfcffc&fc^. 

AM'*-5[H]&T*>^-X©£g.JI£^i6;tA;>7 
ggttO. 0 5 p F£lTfcbte»tntffc&fcH. £2.B^ 
MM^t^fetbtSOI (->U^> • :t> • -f>X 

[0 0 5 0] 0. 0 5 p F&LT&mm.TZCDfimi'^Z.t 
fc£0> *HJfi©^«itC*V»Ttt. 0 3(b) ©i^lC, 
&WlU^-m CDi&mzQ. 4 k~l kQ^SC0Sfit8$r 

Tfc^n/tSS!f*«/h$VifcJ&. AX©*f|S]©^7i&§lS& 
4'^W5Wl^i^ 1 ^:&<i^;5, -^te^fc, 100 
fBOiSi!lU->->'t7 0»ft*#ltn««ff«»»4l 0 0 
/ 1 k~0. 4 k = 1 0 ~ 2 5 Xfe* ^aStS**. $0© 

[0 0 5 1] Sfc, S»U->-A7©^*«^V^SiE 
TEJS*i8< l/tt<Ttta6ftV»fc6. B»je*l n s© 
3t*>_h#0. Sf6T**0*«ttr-6fcttl p~2. 5pF 

[0 0 5 2] 
[&2] 

v = Vo X exp( -t/R • C) 
[0 0 5 3] fcfc'b, R=t&tn, C=ft?t# 

(t, ) =0.6 3V, T*0. V. tt^-KlHlSSlCA^^ 
nfc«^«^StITa-5. L^L. ljfijctfifll/y 
-A*7*^fflT'#-5o C©*^(C, Wr5£»0. 2 p s ©St 
•fe±^OT«0. 2 p~0. 5 p F©sg»£H5!L&tttni 

v 7 co V ->-;m& t b T ir«*««T* * . 

[0 0 5 4] feU H«)U->-A7©^teEit9 9{zas 
ftS*«j&H*:«#tt. 0 3(b) ©«t-5{C, :in$:2pTE 
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U v (t, ) =2V. t&O, ffrfB^TM^WO. 
5ns«%2 5nsi^O. 1/2 #aj«TS SffJ^ 
£©«£-. #l!&E« 9 ©JBB&I*3T#S£S* 
T***. !&&#4mmWrt£Mttntf£©g<£&tIJi2!£ 
ttt4.7GHz ( = 1.5m/s /0.O4mX 
8. a*«H»Cl/4«fi*»«*tUTl/8) tjfiS 10 

[0 0 5 5] CUT, e*±K*l»Ttt^UfcSB2 0BXS[ 

«iS©«fc 5 iZMfaO^Tmte 4 ©fltiST 2 5 Q«T©«P 

e&RB 1 ©;u ± ictttts n*n» u ->- a 7 «. a 
'f<>i;-^>xT»5itsi«itt4 , boT, see 

Stttl kOfiLtSafettfr*. SStC, AX±©#lc© 
ftBtC 4 mm^T©£i£®S&*jg©#lKEiia 9 5#ot 

A-f -f > e-y>xoii v a 7 &»«*-r * t e 

frl&gflleO. 4 k ~ 1 k ©&** 8 £^7i£l?& 1 0 ©M 

(S9EH2) . Sfc, ^»l/->-/\*7«»lK«jSttB(rre 
H 3 ©J; 3 

[0 0 5 6] .^iC, S4~0 6iC«fcO. mills*/— m 

oftttfttiftoJMM'ieiKH'rs. 04ttHibl/->-A*7 

(a) C^-r*S*/\*X«ifi©— ^**-T«lBS¥®B3. 
B 6 ttltrEB 3 (b) K»*-r*»lKE«9*««ejR«c»IR 
If ig©-0ij £^-T8lB&¥® 0 T £> -5 . 
[0 0 5 7] m4<D£o\Z. fcmJfc&l<Ottfa<D'*7& 

g&4ti. &mm5&&/uTmmi'i/-rt7<D$m®& : ? 40 
y^*«*«sn*fflo±a5«^ia«i 1 £-?-©e*hb© 
t»«*he*i 2t*^ao, ±«flraE*i mc© 

E«W»5fl-KLT#-iK«I 1 3jWBM*&*1, TSPff^E 
Ml 2tt|feiill5fi:l87LSnfclf7*-;H 4^bT 

si 3. 1 5izm*iisZ'-rt7<D$tiimto<?y7&m& 

[0 0 5 8] -OH»)l^->-/\*7<7)S«lHlgS5 1 -yr©ll 
gdiiUTte. H5CDj;p»C, *t|S]©^7^S&4©±aS 

« ^e& 1 1 , T^m^mm 1 2 tco^*ts»is«s 1 50 
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3, 1 5±tc, mm. MMMtT-yfi 6©7U»^f 

t, 0 6co«k^Jc, #fa©^7«*4©±asflM*E*i 
1 . TSPM*! E& 1 2 13, 15 

<7-6aSS4i»iffi[51K5 1 <>'y 1 6©3l»U->-A7 
««WK»«r**^t*«*a. fcfc. B6©J;?tCi6 

[0 0 5 9] &le, E17{CJ:0, feJU^SSl t^KEiSS 
9 toEJMMHftfc^TBWIT*. 4foE 

[0 0 6 0] COfiaM»»10^7'«B4t»IKEai9 
O^TKftBH 0 4:©EttlI«iSK*5^T, *tft©^7i& 
tt 4 #»+**&»W*** a«S, 
fcittfcO. B 7 ©£?{;:. -#_tH (gli) t-eo 
TgRJl («2M) *«»ttE»9 0i«lT. I31tf 

4fi*teMiS8& 1 ©/uEiittn«WT#4. c 

© 4 JB«BSKl*^Ttt. AXttlS]©^^ 4 Motel* 
S 5 ©J?* t 1 \t 1 ~ 5 n mgST* 0 . ftt&MiWi 9 © 

»i«©^7«tti o «©&&)!©#* t 2fcra*rra& 

©. -t-©*n;*h— **jqi*.SS*a*S. d©ffl©*feiBk 
JS2 0©ff^t 3B2fi*6 2 0fSSS©fc©T*n« 

©Ta»cE***fc ±»*» b T«fc8r o ii LE^a£• 
[0 0 6 1] Jfcfc, B8l:J:D. HHf^/^Oia 
•5. 18(1 H«)F^'fy\*3©aWllK5 1 -yy©77'> 

[0 0 6 2] 08©«t^tC, ilttK^-f/t 3 ©*«[!» 
f^72 2tt, HttK5-tf/t3&£0AtB*llBlBft£ftO 
JUZHH1ES2 3 t, C©J^i22lHlg&2 3ICOfc#*|*J»iatt 
2 4ttf*^«:«5. ^i22(15^2 3 ©nSB»lC, d©*« 

i5i^^-vy2 2©^aptgEi^-rsfc©©^>5 ; 'f >^a 

y H 2 5 6ntH5. - (DMffim&?- vf22 

\t> eiH«RSS 1 3WBJ«S*iJfcE*StR 2 6 ©iM±(CH 

2 7 fciOeaUMSl t#>f^ >^Ay h* 2 5 £#9. 

[0 0 6 3] ^©ft«IHS&^-y^2 2©7r >7-^ htt 
ifitCfeV»T«, eit^SS 1 ©*tft©^7EigU±. 

>!frty h* 2 5^©'7-1'-^#>7 J W >yiCj;-5^>? 
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> x w— m i* fc ct ^ k diht 7 r > 7"? h £ nt ^ 
-&= i^c. ift h* 71" 3 ofif i:tt/ w /u n >f > 

it 2 8 Am \ZtlT^Z>t£*>lZ. ££Dg®)K7-rA*3 
Sr^»)-r £ HiSttEEfc <fc Uif y V > h* ttJE<7>& jtMii 'J 
-F. &m.!f7V>VV-Y\z£.Z>mM • ^7>5>H^ 
7iB2 9 («i!S:±gi5. ^7^7 >K : TSP) *>IEA£ 

*=fc^stem#u- h'tCcfc^eju^K i ^<ffijatn2 \z 

^>&#toTH£. 10 

[0 0 6 4] r©H»K7'TA*3«, ^6<)^« 

^ft$:-r-5fc«6. tS-i/5^>K'<7M2 9ttt 

&Mt*tz-zti2>3Lot£.m'&-Ti. mm- ^^f^the 20 

[0 0 6 5] Z.0y7r>TV FfltiSCfcl^Ttt, fltftffi 

-^>^©ftT*»asi/<. iE««*m#*o2« (7. 

5Q) , 4fi (3.25Q) . 6§ (2. 5Q) (Vdd = 
3. 3 V, 7. 5 %«JE^T*frT-#B# 1 0 0 mA«SfEtg 

m *6ic-tn£t±Ki-r*Ji(t*«a* n>. ot»io 30 

^m|§(Z)B|, 2 0, 4 0. 6 0, • • • At m <fc 0 

zimcfco, i2|EO«iS • >/7r>>K^r 

mm2 9T"fi^7ffl8*!i^ 1 6#£;*7A-T"^£ 
Sfc/H/Un>T>t©SfflT3 2*~ 

2 2ft©««- y7C7>He«W*fi<fc*fc#, BUI* 
tt-f > tr-^>Xfc&*«k -5 (C^Zi^K«ifi$r?{^ £ <fc 

[0 0 6 6] II JIT, i3®IA£*tWt, «lH« 40 
EE. yj-^KtffOlHStl • ^'7>F^7>g§lS& 
2 9 oeail(lK«jtfrsC t *«p«i:t-* t>OT. E 
©JB3©Rj&£«MKSil. « 2 

«igT-£3. fit. y7^>H^7«IS 2 

[0 0 6 7] E9tcio. eautt&ia*s*Hfts 
9*63>hD-5 <nmm v ->-/\-tcm-^^e 50 
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A«-*WAXOia©-«6*tHT* D . (a) 
«Eil9 3ft*6— *rtH=flH»*ja-6«H»*a:B. (b) J** 

[0 0 6 8] ffi#, /txoesitttt 1 F 
7-fA*3tt, ftfcW&ttPSBTMa^'Jn^hD-^ 
^A'XZJ > F D-7T*5. —73. fil/x-A'7ll 

0. C©7^;/i¥fcilftF7-YA£WU A^AttfiAS 

ft*. fifria0i~0 8T^Lfc«]t«— #iRj/t*T* 

0 . # l:fK F5"f A* 3 ^ £M» U A* 7 tc |6]fr o T 

[0 0 6 9] 0 9<D<fc5lC. £j£igjg& 1 CD^SS 

4 1 ffllllz-z-AM 2 ^SiL. «IS8^«IS8JSSC2 7ii 

0 9(a) \tfcmm& 1 07>®iHi6l9 JCO^^^x 
U5£S©fiK7'fn4 AtfiTtr'T'i 7T*5tl/fc 
tg-^JT^O. ^7MSS4(Cfe^T^«S©IH^ttHi^ 

[0 0 7 0] C©airict*V»Tt>. MieH 1 ~0 8 Tltt 

4 4^*7>te^-yycD^ ; &'J • AM7W >^-7i-Xf 

•7^4 3 tcb#tt6nx^^T, in^m^snst. » 

>hn-7?774 l 052I«jI/->--;n*4 2 tcfijjib, c 

<DH»l^->— A*4 2*iCltl*^»-r-5. 
*bfccO^*0 9(b) T^^o CdTfc. /^EU * AtiU^J 
•1 , /?-7x-Xfy74 3CD^«)h*5'f A4 4lt p 
MOS F7>yX^Q4 1 tnMOS h^>v ! X^Q4 
2, nMOSh7>y^?Q4 3tpMOSh7>y7, 
^Q4 4. «21«EEVd d<tWW^}tin:R4 1. ^7*7^ 
>K«ffii©M©JSttR4 2*»&fc*CMOS@|frHWt 

[0 0 7 1] dO«jsjEC*t»T, ^t'J • Aaj73-f >^ 
-7x-Xf^74 ZOl&mYv'i A* 4 4A^Ofi§ 

«. AxE^cDe^K i \zmnz>£. z\<d^.tw^ 
4(D&&jj\tnizmtiz>tz&. mJi&iMiztiVTmft&v 
wm<Dfc2\3.i/2t.is.z>. tt\ft\zmnz>-Mft$L<7>®L 
mt. fcmm<& 1 tm^^r^mt&tn. 2 t«»r« 
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[0 0 7 2] -J,. Zij}[iiUzmtifzm.ft&L<D&imz3> 
z.<Dm.mu^-nA 2©*ffi}&st4 sttiMrKSK. & 
n«. ««£ssrr<5. £© 

HftUv'-AM 2 ©ftffiSScDSSEEifcJgtelift H9 

«tn. »«i»tt2 7rj»t«f3TiB«r*. 10 

nt £ ©3 1 y y*»7 £ T" J ZT\Zts. o T R^T* £ 
[0 0 7 3] StrfEtHmJC ^lKIHi^9{'*)a 

»te»seau»tt«iftfr*. 9 

(b) CDtt»£j&MiK'V*«. ba»»b&*»6. VXofc 
<04i'teE«i9 3&»»*teJ&. ^«W£©7*-fct6£jlil 20 

[0 0 7 4] HlOCiO. »(SEi«9 04i'(K^ 

Id AX h ? >->-A*^-v ^t*AtSiftl:^V>TRW 
f-So 01011, ^KEi^9 lCg£# J &g&<i:#©AX 

ttft&BU (b) (ifO*«lKaT'*5. 30 
[0 0 7 5] 010(a) ©Jc^tC /Uh5/y-nf 
7 7 r 4 6 0»««lt:*HTH g±«©2Jlte*tr6]© 

©2 IB (31, 41) \Ztt\ftV>^Tffl&4\Z&Z>fcm.m. 
S& 1 ©AxE^Jfe&a. se>(c, ax h9>->— a*^ 

6©«® • y7^>^7»»2 9\z£zm.mm 

*&«tt3Sfc*-©T<0 2JI (51, 61) i4?Tl> 

h7>->-/\'f7y4 6©**f7 7"iS7Uy7"f77" 40 
»«ET(*»t&nTV»*. *H£Ett9©EttHfc 
«, 5 1 «y7 r 'f^-^m^©iHi» i t)iSS$nTti-5. E 

-;P2r7>bTAX h7>->-A'f7 7*4 6 (C7U 7 7*f 

[0076] z\nmmmm.^mmmtmi o(b) ©£ 

StCfc*. Ml!)AXEiBl©£i£Sii& 1 ©M#ICWUTA 
X h7>->-Af 7^4 6©nMOS h5>>'X^Q4 
5, Q4 SlCi^X-fyf^K <£ 5 K&oTl^T, ft 50 
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m-i*-zr)vmm)*T97-<<7\zts.z>}i. ftmimsfr 

£©«##AX©fii£«§lg&l fcamactfCft-S. 

•J • AtH7J'f>:5'-7:i:-X7 c -.y74 3Wl>THI.H 

7 -f A**<7 9 t~ 4 ~9\Ztt.%> ii Ztitt Z. ©ttSi t & 

AX h7>->- ^774 6©nMOS h5>> J X^'Q 
4 5, Q4 6©y- htfmCT^Z. £ © £ £ k 
5. lMQgg©^ >fcf-^>X»C^:0, AX©£j£igiS& 
1 tiiKfSna. /Uh7>->-A'f7 7"4 6©-f 

>F^7«»2 9©^ttCCTt)^«l&$nTUa*^ 

[0 0 7 7] i©»tt«jftlC*ViT, #l&ES§l9*>fi>2l 

Bin W1M K^x^M^dttia-Sfc*. /UEio 

#tt-f>e—*''>X© 1/2 ffioT. AXE 

»o»6»Tfi»S bftt^J; 5 K-TSKitoMi-IKE* 9 tt 
AXEI9© l / 2 ©«tt-f > tf-^>X £&^> ut*«S 
iH>. b^b. tEBM&tttifc 5W/-fXro^§tt 

«-^s^m©MicJK* o^^^^a-c^<^-5fc*, 
j&ri/feSE^fefr^BTrtt&^i. i7i, ff$bv»ft 
frtt/^xEttoeaudB i ©it tt-r > tr-^x £ iu u 

Af7 7*4 6«lffl©h9>S>X*TJE*J$T€?-£fci&. 

[0 0 7 8] etioKW-cr^atiso, *mm<z>MM 
©»4©fij6tt. HKiAXEi8§?©ei2y£Bl KOfctfo 

7 7"4 3*^e, na/\*xE«s©%ffl(cj*^$nT^an 
>hD-9^y7"4 i ^mn&mTtz<D®$&Mf$.tm 

jg*^S-rat>©T$.a„ »Rf5»y©i» 
K9< /N*4 4tt* hX< y^iHlg&T^O, 3>Fo 
-7f7^4 1 ©H®jH9'f/N'trai;#tt^i#^ ; fo©T:- 
£•5. ^©Midh'^'f /N*4 4©tSiHtt3>hP— 95=->y 

74io*ntBi;-c*4^ »teE»9*»6eai«iis 

i^o«^ogattS*WK:TS4J'(Rt«:*fc«&. A*X 
E«f-8iEn-5t#«M-y-'f K£flE*l<&fcfe. l/2t)i 

^iE»L, SH«7C©i*3t)<i:f«t»5, H«iU->-A4 

tr-^ >x k»£ b&ttsfcjssti;: «fc afcSHJftft 2 ^it^J 

[0 0 7 9] $ 6 ic. il;uEi« 2 5 Qli(T©#tt 
-f>tf-^>XSJt^TV^fc«e>, «^t©S5iji<j$r0^>fc 
7JU>hX-f 7fiB©g»H7'1'A'4 4««jlffl l J 
£ ^ 7 ^ > h* fllfCjS^itSiEJata^Jf A £ *IT H S d £ 

*w«tbT^«. Tj-te^^y^a/N-xESS© 

tt±l:#et^tttt/U h7>->-A , ^77'4 6©lHl 
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£ L< 1 / 2 <ZX > kf-^>7. Z. t *®mtt 
-2>fcCDT$>-5„ 

[0 0 8 0] ttzt>-£>. T^T-^^ti^mm^^f- 

hO*-^Wtti)fc*. £>&&-kcD#teBEiBa9cDfc:7*- 
T«.«iftfe*Dt3^ri:lcJ:0. 5>-1 5 >^£l5Wi 10 

«h#*ffffi® 1 0 (a) C0«iliggC0±€:M5J:^t'^se)t'iB 

[0 0 8 1] IH±\z3o\,*T. SfrfEBIl~0 8l'ct-g.S^ 

-7i-Xf7^4 3&£CD7M£7^y^CD«#eji73 20 
ffiSr^T £fcCDT. KffH09. 01 OCi^tt» 

CDHtiftT&ofc. ^KiJUTte, CCD|35#££f&b;t 
[0 0 8 2] friz, mi 1 (CJ; o . -TjftCDft^ejiA 

sii m. ffiftea&BBi-c-oAttiaEitt©— 

[0 0 8 3] ElilMfeHTtt. 3>hO-7fy75 30 

i&iTisiftsnifcttBSjs-r. z\<D&mz&\,*T\t. a 

>hn-7f7^5 1i:/ ; E l J • AtB^-f >5>-7i- 
Xf77"5 2CD^-n-€ : ncDlltfjH7'f A5 4, 5 6 if 
i&U">-A*5 5, 5 7£#«*-*lli&tt*li*l»;:fc*fc* 
*KSnTt>*. »WllV»&nTlr»* h7>yA^y- 

[0 0 8 4] 3>hP- 7 f775 1H HftK-7-fA* 
5 4^ftriBt|3H$tC pMOSh7>yX^Q5 1tn 40 
MOSh7>-/A^Q52, nMOSh7>vX^Q5 
3ipMOSh5>^X?Q54, «2S«HV d d tcD 
RSCDj&tnR 5 1 . ^7 r 7>K«II<i:COMCD}S&iR 5 2*» 

<=>&o, z\<Dmm±.>*7>7 i <DAjjmzmi$t&tn.s 8 

^LTpMOS h7>yX^Q5 5#»«ESnT«J* 
[0 0 8 5] ^t'J-AfflW>^-7i-Xf77"5 
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> S JX5>Q5 6 tnMOS h7>vX^Q5 7, nMO 
S h7>^Q5 8ipMOS f-7>vX?Q5 9. 
nWW.f£V d d £(Dffl<Dm.tfiR S 3, 7 r 5'y-> K«tffi<h 
CDfflCDi&j3iR5 4*^^-5CMOStH)^«figtcJ;-5*U 
>h7W •yf'lHl^&^O. Sit, lll/->-A-5 7*< 

[0 0 8 6] /Uh7>y-Af77 1 5 3H =i>Kn 

-7f775 i iz&j$i2nz>mm'<7m®\z&z>&m.m 

fcnMOS t-^ixX^Q 6 0, Q 6 1 £#-ftX*Jl>3r 
3t0jX^$iJKffl©SmR 5 5, R5 6)&>&#McSnTV» 

[0 0 8 7] CCDjfeffrK/fctfcl^T, 3>t-D-7f7 
7^5 1 CDMtbh'^-f A*5 4(C«t«)ttl73lHli^^Ti7^i' 7 

cd £l $ >ont^tt / w o . »^snxM4 

pMOS h5>>?7.iS'Q 5 575^7fCfiO. dCDffl5^*< 
A-T-f>tf-y>Xtft7T, tSi£*8Sfrl £SMK9'ir 
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